We study the effect of antiferromagnetic (AF) correlations in the three-band Emery model, with respect to the experimental situation in weakly underdoped and optimally doped BSCCO. In the vicinity of the vH singularity of the conduction band there appears a central peak in the middle of a pseudogap, which is in an antiadiabatic regime, insensitive to the time scale of the mechanism responsible for the pseudogap. We find a quantum low-temperature regime corresponding to experiment, in which the pseudogap is created by zero-point motion of the magnons, as opposed to the usual semiclassical derivation, where it is due to a divergence of the magnon occupation number. Detailed analysis of the spectral functions along the (π, 0)-(π, π) line show significant agreement with experiment, both qualitative and, in the principal scales, quantitative. The observed slight approaching-then-receding of both the wide and narrow peaks with respect to the Fermi energy is also reproduced. We conclude that optimally doped BSCCO has a welldeveloped pseudogap of the order of 1000 K. This is only masked by the narrow antiadiabatic peak, which provides a small energy scale, unrelated to the AF scale, and primarily controlled by the position of the chemical potential. 
Introduction
The Fermi surface phenomena in the high-T c cuprates, and especially BSCCO, have been extensively investigated, and a broad consensus has developed concerning their main features. The Fermi surface is large and hole-like, with a simple topology of a rounded square, or barrel, centered around the M-point [1]. Single-particle phenomenology is routinely invoked on the ARPES spectra, thus the 'self-energy' and 'damping' are often extracted from the main peak as if it were a coherent, weakly perturbed quasiparticle [2] . However, in the underdoped regime and below a temperature scale T * , the metallic state is surfeit with low-energy correlations, about whose relevance for either the pseudogap, or the superconducting mechanism itself, there is no general agreement at present. Various experimental observations at low energy have been interpreted in terms of stripes [3] , paramagnons [4] , phonons [5] , and superconducting fluctuations above T c [6] . All these correlations are at present the object of intense scrutiny, mainly with a view to ascertaining whether they enhance or suppress superconductivity.
Theoretical understanding of the measured electronic spectral functions of high-T c superconductors has received significant attention in the context of these efforts [7] [8] [9] [10] [11] [12] [13] [14] [15] . a e-mail: dks@phy.hr b e-mail: sbarisic@phy.hr Physically, conduction occurs in the copper oxide planes, so the most important electronic states are directly accessible to surface probes such as ARPES. This naturally allows for a concentration of theoretical effort, especially because the observed spectra offer some outstanding puzzles of their own. Such a long-standing issue is the appearance of the pseudogap [16] , observed near the vH points for underdoped systems, and its connection with the AF gap at lower doping on the one hand, and with the superconducting (SC) gap at lower temperature, on the other. Experimentally, the pseudogap is clearly connected with a (π, π) correlation [15] , and the most natural candidate for its origin are antiferromagnetic fluctuations above their transition point [4] .
The present work attempts to connect several aspects of the low-energy phenomenology of the cuprates in the hope of realistically constraining the eventual theory of the optimally doped and weakly underdoped state. We adopt an effective weak-coupling framework, and concentrate on aspects least sensitive to model details. Our most important observation is that the pseudogap does not really disappear at optimal doping, but is instead rather inefficient at suppressing part of the spectral strength around the vH points. The unsuppressed strength appears at the Fermi level as an 'antiadiabatic' central peak in the middle of a still fairly wide and deep pseudogap. It is the latter 'highenergy pseudogap' which indicates the underlying physical The European Physical Journal B scale, while the 'leading edge' scale, associated with the central peak, turns out to be incidental to the dynamics. It is primarily controlled by doping. This interpretation does not even depend on the pseudogap being due to antiferromagnetism as such, but only on the fact that the dominant perturbing correlation occurs around the wavevector Q = (π, π). It is however different than interpreting the high-energy 'hump' in terms of bilayer splitting [11, 17, 18] .
We do not enter here the important question why the magnetic correlations undergo an essential change at T c . Our main aim is to show that when their observed lowtemperature behavior is introduced phenomenologically in the calculation of the single-electron propagator, the resulting antiadiabatic peak and pseudogap behave consistently with the main features of the 'peak-dip-hump' structure, found in experiments on superconducting optimally doped BSCCO. In this way our calculation refers to the superconducting state. We only omit the direct effect of superconductivity on the single electron propagation, namely the appearance of a superconducting gap. This is justified by the fact that the SC gap scale in ARPES is an order of magnitude below the AF scale, manifested by the high-energy 'hump.' In order to reproduce typical normalstate ARPES profiles, which do not show a narrow lowenergy peak, we only need to overdamp the paramagnons. Our work provides a connection between the observed simultaneous appearances of a magnetic resonance and of a narrow low-energy peak in the ARPES profile, as the temperature drops below T c .
Like some other authors [19] [20] [21] , here we use an effective weak-coupling (single-band) approach to describe the effect of antiferromagnetic correlations on the singleelectron propagation. Given that U d is large in the high-T c superconductors, our starting point is the strong coupling limit, and we use the present calculation to develop a phenomenological framework in which the correct physical regime can be identified for the effective weak-coupling approach. Section 2 is thus devoted to placing the present work in this wider theoretical context. Section 3 describes the model results. A comparison with experiment is found in Section 4. Finally, Section 5 is a recapitulation and discussion.
2 The electron self-energy and the central peak
Separation of charge and spin channels
We enter a brief theoretical discussion now on the validity of the weak-coupling single-band approach, with a large hole-like Fermi surface, when U d is large. This is the essential input in our calculation, important for its comparison with the k-dependencies measured by ARPES.
Recently a considerable improvement in understanding the band dispersion measured by ARPES in the high-T c superconductors near optimal doping has been achieved by considering the extended Emery model [22] in the limit of large interactions U d on the Cu-site. The original Emery model of the CuO 2 plane is extended by taking into account the direct O-O hopping t < 0 in addition to the original Cu-O hopping t 0 and the difference ∆ pd of the O and Cu site energies [23] .
In the limit of interest |t | > t 2 0 /∆ pd this means that the 'broad' oxygen band is weakly hybridized with the Cu level. The Emery model then resembles the Anderson lattice model which includes the accurate symmetry of the electron (hole) propagation in the CuO 2 lattice, either along the O-O axis (t ) or along the Cu-O axis (t 0 ). Notably, the limit |t | t 2 0 /∆ pd , although probably too extreme for physical purposes, corresponds to the FalicovKimball model [24] , also sometimes invoked in the context of high-T c superconductors [25] [26] [27] [28] [29] .
The large U d limit of the Emery model [22] extended by t was treated in the homogeneous mean field approximation [23] applied to the slave-boson representation of the U d = ∞ Emery model. The usual objection that the mean-field slave boson (MFSB) approximation breaks the local gauge invariance required by the slave-boson theory was met [30] by emphasizing that the static mean field merely represents the slow component of the slave boson field. This latter, allowed by local gauge invariance, only appears as static when particular physical properties are calculated, most notably the physical electron band dispersion. Thus the physical dispersion can be represented by the usual non-interacting three-band dispersion, but with strongly renormalized tight-binding parameters ∆ pf and t instead of ∆ pd and t 0 , while t remains unaffected by the copper on-site repulsion. Most importantly, in this way the observed regime ∆ pf ≈ 4|t | > t naturally replaces the regime ∆ pd > t 0 > t , inferred from chemical valence analysis and high-energy spectroscopy data. The formula for the antibonding electron band is then
where
It is obvious from equation (1) that the effective near neighbor hoppings t and t enter the dispersion ε(k) non-linearly. This is in contrast to those one-band approaches which include hoppings to unphysically [31] distant neighbors, but as independent parameters. (Noteworthily, LDA calculations [32] show directly that when such long-range hoppings are induced by reduction of multiband to single-band models, the effective parameters depend non-linearly on the nearneighbor ones, as in our case.) We use the single band (1) from the three-band model with this distinction in mind.
Actually, after taking into account the fast harmonic slave-boson fluctuations around the mean-field saddle point, the MFSB band (1) decomposes into the narrow
